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rPREFACE
$t .  I  s tudy  o , f  boonerants .
The  evo luc i ons  wh i ch  a  boomerang  i s  capab le  o f  a re  bew i l de r i ng ,  and
a t  f i r s t  i t  s e e m s  t h a t  t h e r e  c o u l d  b e  n o  p o s s i b l e  s o l u È i o n  f o r  t h e
ex t rao rd i na ry  gy rac i ons  i t  makes ;  ye r  i n  t ime  t hese  become  qu i t e
c 1 e a r .  I P e r n ,  I  9 2 8 ,  p ,  I  0 2 . l  .
S tudy ing  t he  mechan i cs  o f  r e tu rn i ng  boomerangs  i s  no t  d i f f e ren t  f r om
m o s t  o t h e r  s c i e n t i f i c  w o r k .  B u t  w h e r e a s  m a n y  s c i e n E i s t s  c a n n o c
conunun i ca te  abouÈ  the  sub jecË  o f  t he i r  i n t ense  i n t e res t  w i t h  mo re
t h a n  a  f e w  f e l l o w  s p e c i a l i s t s ,  r h e  s t u d e n t  o f  b o o m e r a n g s  i s  i n  a
r a E h e r  d i f f e r e n È  p o s i t i o n ,  a n d  f o r t u n a t e l y  s o .  I t  i s  n o t  o f t e n
nowadays  t ha t  a  sub jec t  o f  s c i en t i f i c  r esea rch  appea l s  t o  so  many
peop le  ouËs ide  sc i ence :  anyone  who  has  hea rd  abouE  boomerangs  o r  has
seen  a  boomerang  f 1y  and  reÈu rn  may  f ee l  exac t l y  t ha t  cu r i os i t y  and
n e e d  f o r  e x p l a n a t i o n  w h i c h  a r e  a È  t h e  h e a r t  o f  m o s t  s c i e n t i f i c  w o r k .
A d m i È t e d l y ,  t h i s  r e s e a r c h  o n  b o o m e r a n g s  i s  p r o b a b l y  n o t  c h a r a c t e r i s c i c
o f  mode rn  sc i ence .  The  phys i ca l  p r i nc i p l es  unde r l y i ng  t he  boomerang ' s
behav iou r  have  been  known  f o r  seve ra r  gene ra t i ons ,  and  pa r t  o f  r ny
wo rk  cou ld  have  been  done  by  o the rs  many  yea rs  ago .  Fo r  t hose  who  i n
t he  pasË  t u rned  t he i r  a t t enL ion  t o  t he  boomerang  p rob lem i t  was
u s u a l l y  a  p a s t i m e ,  a n d  i n  t h e  f i f t y  y e a r s  p r e c e d i n g  l 9 6 g  h a r d l y
a n y  s c i e n t i f i c  a È t ê n t i o n  a t  a l l  w a s  p a i d  t o  b o o r n e r a n g s .  o b v i o u s l y
boomerangs  a re  f ound  i n  an  ou t -o f - t he -way  co rne r  o f  se i ence  ra the r
Èhan  i n  one  o f  i t s  ma in  co r r i do r s :  Ehe  i nc rease  o f  know ledge  on  t he
f t i g h t  o f  b o o m e r a n g s  m a y  l e a v e  t h e  r e s t  o f  s c i e n c e  u n c h a n s e d ,  y e t
t h e  s u b j e c t  o f  b o o m e r a n g s  i s  n o t  o u i t e  i s o l a t e d  f r o m  a 1 l  o t h e r  f i e l d s
o f  s c i e n c e ;  c o n n e c t i o n s  w i È h  " m o r e  s e r i o u s "  t o p i c s  a r e  u n m i s c a k a b l e .
The  ae rodynam ics  o f  he l i copÈe r  r o to r s  i s  an  obv ious  examp le .  Some  o f
t he  me thods  used  i n  t h i s  wo rk  a re  s im i l a r  Èo  Èhose  emp loyed  e l sewhe re
i n  a e r o -  a n d  h y d r o d y n a m i c s .  I t  i s  o p e n  t o  d i s c u s s i o n  w h e t h e r  t h i s
shou ld  be  cons ide red  as  an  a rgumen t  i n  f avou r  o f  che  use fu rness  o f
m y  w o r k .  O f c e n  t h e  a p p l i c a t i o n s  o f  t h i s  b r a n c h  o f  s c i e n c e  f i t  i n
a  m i l i E a r y  c o n t e x t ,  a n d  t o o  o f t e n  i t  i s  t a k e n  f o r  g r a n t e d  t h a t  s u c h
f i e l d s  o f  r e s e a r ó h  m u s t  b e  f u r t h e r  d e v e l o p e d .
1 0
- - .  ) o o m e r a n g  p u z z l e  i s  n o t  d e e p ,  b u t  i r  i s  c o m p l e x '  O n e  m u s t  f i r s t
-  : : a l i ze  and  reduce  i t  t o  a  p rob le rn  i n  app l i ed  ma thema t i cs '  and  Èhen
: : : d  a  s o l u Ë i o n  w h i c h  c a n  b e  i n È e r p r e t e d  i n  E e r m s  o f  p h y s i c a l  r e a l i t y '
l : a  co rnpLemen ta r y  pa rÈ  o f  t he  boomerang  p rob lem i nvo l ves  t he  des ign
r : . j  execu t i on  o f  expe r imen ts .  Bu t  aE  t he  ve ry  s t a r t  t he  ma in  po in t  i s
:  -  dec ide  wha t  i s  essen t i a l  and  wha t  can  be  d i s rega rded .
. i : , - r t  t en  yea rs  ago  i n  t he  co r r i do r s  o f  t he  phys i cs  l ab  i n  G ron ingen ,
: : l k i ng  w i t h  He rman  Cos te r ,  I  sudden l y  saw  how  boo rne rangs  can  re tu rn .
r - ' : : r e  peop le  had  seen  t h i s  be fo re ,  wh i ch  I  d i d  no t  know) .  I  wo rked
- ' i :  an  ex t r eme l y  s imp le  ma themaE ica l  r node l ,  f o r  wh i ch  Lanb rech t  Kok
; : 3 t e  a n  A 1 g o 1  p r o g r a m .  R a t h e r  e x c i t e d ,  w e  p l o t t e d  b y  h a n d  t h e  f i r s c
. - r : pu ted  boomerang  f l i ghE  pa th :  i t  r e t u rned :  Soon  I  saw  chac  my
ecua t i ons  o f  mo t i on  r r e re  t hose  o f  a  sphe r i ca l  pendu lum.  I  t r i ed  t o
r : e rove  t he  mode l ,  wo rk i ng  on  i t  f o r  one  week  eve ry  t r l o  monÈhs  o r
s , . .  A t  t haE  t ime  I  s t i l l  made  and  t h rew  boomerangs  j us t  f o r  f un .
; - ' r k i ng  on  a  boomerang  t heo ry  was  a  pas t ime  t oo ,  and  so  we re  t he
: i r s t  e x p e r i m e n t s  w i t h  i l l u m i n a t e d  b o o m e r a n g s  i n  1 9 6 7 .  T h i s  s È a g e  o f
: . : e  boone rang  wo rk  de f i n i t i ve l y  ended  w i t h  t he  pub l i ca t i on  o f  t he
S : i e n t i f i c  A m e r i c a n  a r t i c l e  i n  I 9 6 8 .  B y  r h e n  I  h a d  f i n i s h e d  m y
: : , 1 ' s i c s  s t udy  and  had  s ta r l ed  wo rk i ng  w i t h  Spa renbe rg  a t  che
:epa r lmen t  o f  App l i ed  MaEhema ! i cs .  Boomerangs  had  become  an  o f f i c i a l
s : b j e c t .  o f  s C u d y .
l r r s t  a  ma themaE ica l  mode l  f o r  che  ae rodynam ic  f o r ces  on  boomerangs
:ad  t o  be  deve loped .  The  bas i c  i dea  was  conce i ved  qu i ck l y ,  bu t  i t
: , r ok  t h ree  and  a  ha l f  yea rs  t o  wo rk  i t  ou t  and  rnake  i t  p roduce
: ru : ' r e r i ca l  r esu l t s .  Th i s  was  h i gh l y  t echn i ca l  wo rk .  The  expe r imen ts
ï e r e  m o r e  d i v e r s i f i e d  a s  r e g a r d s  t h e  l e v e 1  o f  s o p h i s t i c a È i o n .  F o r
l l s t ance ,  Èhe re  we re  t h ree  weeks  o f  ha rd  l abo raËo ry  wo rk  i n  De l f t
; : t h  a  b rand -new  w ind  t unne l  and  a  1o t  o f  e l ec t r on i c  equ ipmen t .
: n  con t ras t ,  t he  boomerang - th roL t i ng  expe r imen ts  nea r  S teenw i j k  we re
: a r r i e d  o u È  i n  a  p a s l o r a l  s e t E i n g .  H e r e  a  p i e c e  o f  g r a s s l a n d
, . r r r ounded  by  t r ees  p l ayed  t he  ro l e  o f  a  l abo ra to r y ,  and  t he
equ ipmen t  cou ld  be  t r anspo rEed  by  b i cyc l e :  homemade  boomerangs  and
; i n d  m e t e r s ,  t w o  c a m e r a s ,  a n  a l u m i n i u m  l a d d e r ,  b a t t e r i e s ,  t i n y  l i g h t
l 1
b u l b s ,  a  5 0 m  t a p e  m e a s u r e ,  t w o  f i s h i n g  r o d s ,  p i e c e s  o f  i r o n  w i r e ,  e t c ,
I n  t he  even ing  tw i l i gh t  o f  a  summer  n i gh t  He rman  C  and  I  can  be  seen
push ing  a  pe rambu la to r  l oaded  w i t h  t he  above  equ ipmen t  t o  a  p l ace
unde rneaÈh  Ehe  b ranches  o f  an  oak  t r ee :  t he  o r i g i n  o f  ou r  coo rd i naEe
s y s t e m .  T h e  w i n d  m e c e r s  a r e  c a r e f u l l y  p u t  o n  È o p  o f  t h e  f i s h i n g  r o d s .
A  v e r y  l i g h t  b r e e z e  m a k e s  t h e m  s p i n  a g a i n s t  t h e  e v e n i n g  s k y .  ( I f  o n l y
t h e  w i n d  w o u l d  v a n i s h l )  T e n  f i e l d  I i g h t s  a r e  p u t  i n  t h e i r  p r o p e r
p o s i t i o n s  j u s t  a b o v e  t . h e  g r a s s ,  r e m i n d i g q  o n e  o f  a  m i n i a E u r e  a i r f i e l d .
H e r m a n  i n s t a l L s  t h e  c a m e r a s  w h i l e  I  c h e ? k \ t h e  b o o m e r a n g s .  I n  t h e
mean l ime  i t  has  become  da rk  enough  f o r  Che  expe r imen ts  t o  s t a r t .  Soon
a  b o o m e r a n g  f l r e s  t h r o u g h  t h e  a í r ,  a  w h i r l i n g  t r a c e  o f  l i g h t .  A t
f i f t y  me t res  d i s t ance  He rman  ope ra tes  t he  cameras ,  j o t s  down  t he
w ind  cond i t i ons  and  shou t s  d i r ec t i ons  t o  p revenE  me  f r om th row ing
l h e  b o o m e r a n g  o u t s i d e  È h e  c a m e r a s '  f i e l d  o f  v i s i o n .  O c c a s i o n a l l y  w e
exchange  ba r t e r i es  o r  a  l i gh t  bu lb  i n  t he  boomerang ,  o r  ad jus t  one
o f  c h e  f i e l d  l i g h t s .  O n  s o m e  n i g h t s  t h e  s k y  i s  c l o u d y ,  o n  o t h e r s  a
m u l t i t u d e  o f  s t a r s  c a n  b e  s e e n .  O n  a l l  n i g h t s  t h e  g r a s s  i s  v e r y  w e c .
He rman ' s  f eeÈ  ge t  co l d  and  my  l e f t  a rm  becomes  t i r ed .  Now  and  t hen  r ve
ea t  a  b i scu i t  and  d r i nk  a  d ra f t  o f  wa te r .  0n  a  good  n i gh t  we  reco rd
ove r  one  hund red  boomerang  f l i gh t s , (On  bad  n i gh t s ,  we  s i t  and  wa i t
f o r  t he  w ind  t o  van i sh ,  and  reco rd  none . )  When  t he  sky  beg ins  t o
b r i g h t e n ,  v e  d i s a s s e m b l e  t h e  e q u i p m e n t ,  p u È  t h e  s m a l l e r  p a r t s  i n t o  o u r
su i l case ,  l oad  eve ry fh i ng  on  t he  p ram,  and  wa l k  t o  a  l i t t l e  sunmer
h o u s e  f o r  a  f e w  h o u r s  s l e e p .
A  subs tan t i a l  pa r t  o f  t he  boomerang  wo rk  was  ne i t he r  t heo re ! i ca l  no r
expe r imen ta l :  i t  cons i sÈed  o f  w r iÈ ing  p rog rams  and  mak ing  e r ro r s ,
punch ing  cha rds  and  wa i t i ng  f o r  t he  au tomaË ic  p l o t t e r  t o  d raw
compu ted  l i f t  d i s t r i bu t i ons  o r  boone rang  f l i gh t  pa ths .
Such  ma t t e r s  a re  men t i oned  ha rd l y  o r  no t  a t  a l l  i n  t he  l h ree  Pa rEs
o f  t h i s  r epo r t  on  an  i nvesÈ iga t i on  i n t o  t he  behav iou r  o f  r eEu rn ing
boomerangs .  Pa r t  I  p resen t s  gene ra l  i n f o rma t i on  on  boomerangs .  I t
con ta i ns  an  eEhnog raph i c  chap te r  as  we l l  as an  e l emen ta r y  exp lanaË ion
i n c l u d e s  a n  e x t e n s i v eo f  t h e  r e t u r n
b  i b l  i og raphy .
f l i g h t  o f  b o o m e r a n g s ,  I t  a l s o
The main research r^rork is  reported in the other t r4ro
P a r t s .  P a r r  I I  d e a l s  w i t h  t h e  f o r c e s  e c t i n g  o n  f l y i n g  b o o m e r a n g s ,  i . e
w i t h  boomerang  ae rodynam ics .  The  mo t i on  o f  boomerangs  i s  t r ea ted  i n
P a r Ë  I I I ,  w h i c h  a l s o  c o n t a i n s  m a n y  p i c t u r e s  o f  E h e o r e t i c a l  a n d
expe r imenEa l  boomerang  f l i gh t  pa ths ,  Bo th  t he  ae rodynam ics  and  t he
moE ion  o f  boomerangs  have  been  i nvesÈ igaEed  by  means  o f  t heo reE i ca l
mode l s  as  we l l  as  by  exoe r imenÈs .  Hence ,  i n  t he  boomerang  resea rch
p r o j e c t  f o u r  d i v i s i o n s  c a n  b e  d i s c i n g u i s h e d ,  a s  i n d i c a t e d  i n  t h e
1 2
theory exPer iment s
ae rodynam ic  s
P a r E  I I
moE  i on
P a r E  I I I
l a c h  P a r t  b e g i n s  w i t h  a n  i n t r o d u c È o r y  s e c È i o n  i n  w h i c h  a n  o u t l i n e  i s
e i ven  o f  iEs  con tenEs  and  iC  ends  r ^ r i t h  a  l i s t  o f  r e fe rences .  The
?a r t s  have  uhe i r  own  number i ng  o f  chap te r s  and  sec t i ons .  I n  t he  l exE
re fe rences  a re  i nd i ca ted  by  squa re  b racke ! s .  The  s te reog rams  o f
r comerang  f l i gh t  pa ths  can  be  v i ewed  w i t h  t he  a i d  o f  t he  s te reo
' , ' i ewe r  i nse r t ed  aÈ  Èhe  back  cove r .
w ind  l unne l
measurement s
f l i g h c  p a t h
c a l c u l a È i o n s




. r2.  í that  ís  neu , tnd.  ahat  ís  níssínq?
Here  ne  g i ve  a  b r i e f  sun rna ry  o f  o r i g i na l  f ea tu res  o f  t he  i nves t i ga t i ons
a s  w e l l  a s  s u g g e s c i o n s  f o r  f u r t h e r  r e s e a r c h  o n  b o o m e r a n g s ,
P a v ' t  I  c o n t a i n s  a l m o s t  n o  n e w  m a t e r i a l .  T h e  s t u d y  o f  l i t e r a c u r e  o n
w h i c h  t h e  e t h n o g r a p h i c  c h a p t e r  i s  b a s e d  i n d i c a t e s  t h a t  e a r l i e r
e rhnoÉ l raphe rs  have  noË  obse rved  and  repo rÈed  Ehe  f l i gh t  o f  Aus t ra l i an
Abo r i g i na l  boomerangs  ve ry  accu ra te l y .  Un fo r t unaËe l y  i t  i s  t oo  l ace
n o w  t o  r e m e d y  t h i s  o n i s s i o n .  I t  i s  s t i l l  p o s s i b l e  t o  t a k e  d e t a i l e d
measu remenCs  o f  t he  shapes  and  mass  d i s t r i bu t i ons  o f  Abo r i g i na l
b o o m e r a n g s ,  w i t h  s p e c i a l  a t t e n c i o n  t o  t h e i r  a e r o d y n a m i c  p r o p e r t i e s .
A  f a c t  t o o  l i t t l e  r e c o g n i s e d  i s  t h a t  t h e  s h a p e  o f  t h e  c r o s s  s e c t i o n s
can  be  more  essen t i a l  t o  a  boomerang rs  f l i gh t  t han  t he  p rec i se  shape
o f  i t s  p l a t f o r m .
Part  f I ,  theory.  An aerodynamic boomerang model  is  developed in which
t h e  i n d u c e d  v e l o c i t y  o f  t h e  a i r  i s  t a k e n  i n t o  a c c o u n t .  T e c h n i c a l l y
s p e a k i n g :  o u r  s o - c a l l e d  w i n g l e r  m o d e l  i s  a  l i n e a r i z e d .  p e z " u í o u s  l i f t i n g
s u r f a c e  t h e o r y .  T h e  m o d i f i e d ,  s e m i - l i n e a r  v e r s i o n  o f  t h i s  m o d e l  c a n
accomoda te  boomerang  a rms  w i t h  non -L i nea r  p ro f i l e  l i f t  and  d rag
c h a r a c t e r i s E i c s  ( e , g .  s t a l 1  c a n  b e  l a k e n  i n t o  a c c o u n t ) .  T h i s  m o d e l
can  g i ve  no  i n f o r rna t i on  abou t  t he  va r i a t i ons  o f  t he  ae rodynam ic
fo r ces  du r i ng  one  sp in  pe r i od  o f  t he  boomerang .  I t  m igh t  be  wo r thw i l e
t o  deve lop  an  unsÈeady  l i f t i ng  l i ne  t heo ry  f o r  boomerangs ,  o r  adapÈ
an  ex i sÈ ing  t heo ry  o f  r h i s  k i nd  t o  boomerangs .  Such  a  t heo ry  shou ld
p re fe rab l y  no t  be  resÈ r i c t ed  t o  boomerang  a rms  w i t h  l i nea r  p ro f i l e
l í f r  c h a r a c t e r i s È i c s .
Part  f f ,  exper iments.  Chapter VI  reports measuremenÈs of  a l l  s ix
f o r ce  and  t o rque  componen ts  ( ave raged  ove r  E i r ne )  acE ing  on  roËa t i ng
boomerangs  i n  a  w ind  t unne l .  Th i s  appea rs  Ëo  be  t he  f i r s t  i n s rance
in  wh i ch  ae rodynam ic  f o r ces  on  boomerangs  have  been  rneasu red  aÈ  a l l ,
T h e  s c i e n t i f i c  i n t e r e s t  o f  L h e s e  e x p e r i m e n Ë s  r n a y  l i e  i n  t h e  f a c t
t hac  t he< loca l  Reyno lds  numbers  o f  t he  boomerang  a rms  va r i ed  be tween
0  and  10 " ,  (He l i cop te r s  ope ra te  a t  much  h i ghe r  Reyno lds  nunbe rs . )
1 A
.  r : . r w  o f  n o  o t h e r  m e a s u r e m e n È s  o f  f o r c e s  a c t i n g  o n  r o t a E i n g  w i n g s
r  non -ax ia l  f l ow  a t  1ow  Reyno lds  nu rnbe rs .  The  boomerangs  used  i n
'  
.  expe r imen ts  we re  handmade  and  d i d  no t  have  p rec i se l y  spec i f i ed
:  s s  s e c t i o n s .  T h e  r e l a c i o n  b e È w e e n  a  b o o m e r a n g ' s  d e t a i l e d  s h a p e
. ^ :  i t s  a e r o d y n a m i c  p r o p e r t i e s  i s  n o Ë  o b v i o u s .  T h e  o n l y  i n v e s t i g a t i o n
.  r ave  made  conce rn ing  t h i s  ques t i on  was  done  w i rh  s i ng le  boomerang
, : : s  i n  a  s t r a i g h t  s t e a d y  a i r f l o w  ( C h . V I ,  ) 2 6 ) .  H o w e v e r ,  c h e  r e s u l t s
. . g ,  w i t h  r e s p e c t  E o  s t a 1 1 )  a p p a r e n t l y  a r e  n o t  v a l i d  f o r  r o t a t í n g
r . r m e r a n g s .  I t  w o u l d  b e  v e r y  i n t e r e s t i n g  ! o  i n v e s t i g a t e  t h e  i n f l u e n c e
' r h e  s h a p e  o f  c h e  c r o s s  s e c t i o n s  o n  t h e  a e r o d y n a m i c  f o r c e s  a c t í n g
: .  a  r o ta ! i ng  boomerang ,
' : : ' !  i f f ,  t heo rg .  The  equa t i ons  o f  moÈ ion  f o r  boomerangs ,  wh i ch
r r e  d e r i v e d  i n  C h a p t e r  I ,  a r e  " s m o o t h e d " :  v a r i a t i o n s  o f  p h y s i c a l
: r a n t i t i e s  w i t h i n  o n e  s p i n  p e r i o d  a r e  d i s r e g a r d e d  b y  t h i s  m o d e l .
l r e  e q u a t i o n s  s e e m  t o  y i e l d  s a t i s f a c t o r y  r e s u l t s ,  b u t  u n d e r  o n e
: . : : r p o r t a n c  c o n d i t i o n :  È h e  b o o m e r a n g r s  m o t i o n  m u s t  b ê  s t a b l e .  I t  w o u l d
: e  o f  i n t e r e s t  t o  i n v e s t i g a Ë e  t h e  c o n d i t i o n s  f o r  t h e  s t a b i l i t y  o f
r  boomerang ' s  mo t i on .  I n  Chap re rs  I I I  and  IV  a  l a rge  number  o f
: : r e ó r e t i c a l  f l i g h t  p a t h s  a r e  p r e s e n Ë e d ,  c o Í n p u C e d  a n d  p l o f t e d  i n
À r e a E  d e t a i l ,
' : r L  
J [ 1 ,  e Í p e r i m e n t s .  T h e  C h a o t e r s  I I  a n d  I I I  d e a l  w i t h  e x p e r i m e n E s
i n  w h i c h  a  l o t  o f  b o o m e r a n g  f l i g h c  p a t h s  w e r e  r e c o r d e d :  A  b u i l t - i n
c l o c k  a n d  t w o  c a m e r a s  w e r e  u s e d ,  s o  E h a t ,  i n  p r i n c i p l e ,  t h e  b o o m e r a n g t s
oos i t i on  as  a  f unc t i on  o f  E ime  cou ld  be  deËe rm ined .  A  f undamen ta l
' r eakness  i n  r hese  expe r imen ts  i s  t ha t  t he  i n i t i a l  cond iÈ ions  o f  t he
f l i gh t s  a re  no t  p rec i - se l y  known .  Fo r  be t ce r  f i e l d  expe r imenËs  t he
deve lopmen t  o f  an  accu ra te  boomerang - th row ing  mach ine  wou ld  be
essenÈ ia l .  On  t he  o the r  hand ,  one  need  no t  have  access  Eo  l abo raEo r i es
o r  conpu te r s  i n  o rde r  t o  conEr i buÈe  t o  t he  know ledge  on  boomerangs .
S e r i o u s  h o b b y i s c s  m i g h Ë  o b Ë a i n  s i g n i f i c a n t  r e s u l t s  b y  e x p e r i m e n r i n g
w i t h  ca re fu l l y  made  boomerangs  o f  p rec i se l y  knowr r  shapes .
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